Objectives-To use Z scores to quantify hiatal distensibility and to test the performance of Z scores for levator hiatal areas in predicting substantial pelvic organ prolapse (POP).
T he levator hiatus is the largest portal in the abdominal envelope. Levator hiatal biometric characteristics and function are strongly related to pelvic organ prolapse (POP). [1] [2] [3] [4] Hiatal ballooning (ie, extensive hiatal expansion), had an evident association with POP and POP recurrence. [1] [2] [3] [4] [5] Translabial ultrasonography (US) was reported as a valid, practicable means to measure the levator hiatal dimensions and has seen widespread use for more than 20 years. 6 Dietz et al 4, 6 proposed that extensive hiatal distensibility was related to POP stage 2 or higher: ie, hiatal ballooning was determined by measuring the levator hiatal area on the Valsalva maneuver; a measurement of 25 to 30 cm 2 was defined as "mild ballooning," 30 to 35 cm 2 as "moderate ballooning," 35 to 40 cm 2 as "marked ballooning," and 40 cm 2 or greater as "severe ballooning." However, previous studies demonstrated that the levator hiatal area varied greatly in the population and had considerable ethnic differences. Albrich et al 7 produced a cutoff value of 27.53 cm 2 for substantial hiatal ballooning in women with lower urinary tract symptoms. A study of 52 nulligravid white women showed that the levator hiatal area ranged from 6.34 to 18.06 cm 2 at rest and from 6.67 to 35.01 cm 2 on the Valsalva maneuver. 3 Shek KL et al 8 found that the hiatal area had statistically significant differences between Ugandan and white women (mean levator hiatal area at rest 6 SD, 15.66 6 3.67 versus 11.39 6 2.46 cm 2 ). The Z score, which is widely used in biometry, has been described as the measured value that deviates from the average level as a multiple of the standard deviations. It can be used to precisely quantify the difference between the individual value and the general level. [9] [10] [11] In statistics, the Z score (ie, standard score) is the signed number of standard deviations by which the value of an observation or data point is above or below the mean value of what is being observed or measured. Observed values above the mean have positive standard scores, whereas values below the mean have negative standard scores. If a Z score is 0, it indicates that the score is identical to the mean score. This Z score conversion process is called standardizing or normalizing, which does not change the data distribution.
Using Z scores to assess the levator hiatal area allows for the exact quantification of the individual differences in the hiatal area and the degree of hiatal ballooning. In a previous study, we successfully used Z scores to analyze the hiatal dimensions of 102 Chinese nulliparas and explored the relationship between the hiatal dimensions and POP. The Z score models for the hiatal area and anteroposterior diameter were built to calculate the hiatal expansion degrees of 64 women with POP. 12 In this study, we further tested the performance of the Z scores for the hiatal area in predicting substantial POP clinically and on US.
Materials and Methods
We undertook a retrospective observational study of the data from 145 Chinese nulliparas who were recruited in a previous study for normal levator hiatal biometric measurements and 166 patients with POP who were seen for lower urinary tract symptoms or POP between January 2016 and May 2017 at the Second Xiangya Hospital. The inclusion criteria were as follows: (1) all of the nulliparas had no prolapse symptoms and signs; (2) all women had no history of pelvic or pelvic floor surgery or physiotherapeutic interventions for a pelvic floor disorder; (3) all patients with POP had a record of a standard clinic interview with POP clinical examinations performed according to the Pelvic Organ Prolapse Quantification (POP-Q) system of the International Continence Society (ICS) 13 by a specially trained gynecologist; and (4) all women had 3-dimensional translabial US volume data.
Translabial US was performed on patients in the supine position after bladder emptying with a Voluson 730 Expert or E8 system (GE Healthcare, Milwaukee, WI) equipped with a 4-8-MHz curved array volume transducer that was covered with a condom and placed on the perineum in a sagittal direction with an 858 acquisition angle. The operator took care to use minimal pressure to ensure maximal POP. Volume acquisition was performed at rest and on the maximum Valsalva maneuver and pelvic floor muscle contraction. 3, 6 At least 3 Valsalva maneuvers and pelvic floor muscle contractions were completed per patient. Postprocessing of the US volume data was performed several months later with 4D View version 10.3 software (GE Healthcare), and the researchers were blinded to all of the clinical data. The data obtained in the context of this study were approved by the Human Research Ethics Committee of the Second Xiangya Hospital. All data were obtained by informed patient agreement.
The most effective (in terms of producing organ descent) Valsalva maneuver was chosen to perform the measurement. Ultrasonographic measurements of organ descent (bladder, uterus, rectal ampulla, or enterocele) were performed against a horizontal line placed through the inferior symphyseal margin, giving the maximal caudal position on the Valsalva maneuver. The levator hiatal area was measured on the axial plane with minimal dimensions, which was determined by the minimal hiatal anteroposterior diameter: ie, the shortest distance between the hyperechoic inferoposterior aspect of the pubic symphysis and the hyperechoic anterior border of the pubovisceral muscle that is just posterior to the anorectal muscularis in the midsagittal plane ( Figure 1 ). 3, 6 The intra-class correlation coefficient of a test-retest series of 20 patients was 0.83 (95% confidence interval, 0.77-0.95).
Prolapse symptoms were defined as a vaginal lump/ bulge or a dragging sensation. Substantial POP on the clinical examination was defined as POP-Q stage 2 or higher. 4 Substantial POP on translabial US was defined as a cystocele to at least 10 mm below the symphysis, uterine descent to 15 mm above the symphysis or lower, rectal ampulla/enterocele descent to at least 15 mm below the symphysis, or a combination thereof. 14 Descriptive statistics for demographic, US findings, and clinical data were obtained with Microsoft Excel (Microsoft Corporation, Redmond, WA). The statistical analysis was undertaken with SPSS version 17.0 software for Windows (IBM Corporation, Armonk, NY). The measurements were transformed into Z scores according to the Z score model for the levator hiatal area on the Valsalva maneuver, which was built on the basis of the nulliparous population by using the method documented in a previous study. 10 The procedures for building the Z score model are described below. First, data were tested for a normal distribution by a KolmogorovSmirnov analysis. Second, a Pearson correlation coefficient analysis was performed to correlate the measurements at rest and on the Valsalva maneuver. The correlation was considered statistically significant at r > 0.7 with P < .01 (2 tailed). Third, we ran a logistic regression analysis to build the linear regression equations and calculated the predicted value and standard deviation. Fourth, we built a Z score model using the following formula: Z score 5 (measured value 2 predicted mean value)/predicted standard deviation. Z score values were tested for a normal distribution by a Kolmogorov-Smirnov analysis. Finally, we determined the 95% reference range of the Z scores. A receiver operating characteristic (ROC) curve analysis was used to evaluate the association between Z scores and substantial POP clinically and on US in women with POP. P < .05 was considered statistically significant.
Results
Seven women with POP and 11 nulliparas were removed because of incomplete volume data. Valid data were gathered from 134 nulliparas, with a mean age of 32 (range, 20- built the Z-Av model as Z-Av 5 (measured value -17.15)/3.11 using the Z score formula. A diagram for the Z score transformation is shown in Figure 2 .
The Av values were transformed into Z scores, which were normally distributed, as confirmed by Kolmogorov-Smirnov analysis. The mean of Z-Av was 0, with an SD of 1.12. The 95% reference range of Z-Av was between 22.0 and 12.0, which was calculated by the following formula: 95% reference range 5 mean 6 1.96 3 SD.
Of the 159 women with POP, 46 (28.9%) had POP stage 1; 62 (38.9%) had POP stage 2; 43(27.0%) had POP stage 3; and 8 (5.0%) had POP stage 4. One hundred fourteen (71.6%) patients had a diagnosis of substantial POP on translabial US, which was a cystocele in 58.4% (n 5 93), uterine prolapse in 34.0% (n 5 54), a rectocele in 15.1% (n 5 24), and an enterocele in 3% (n 5 5). Forty-four (96%) patients with POP stage 1 and 11 (18%) with POP stage 2 had no POP symptoms. All 51 (100%) patients with POP stage 3 or higher had POP symptoms, including a dragging sensation, a vaginal lump, and lower urinary tract symptoms (ie, leakage, urgency, frequency, nocturia, or voiding dysfunction).
The measured Av values were transformed into Z scores by using the Z score model built above. The measurements and Z scores were analyzed and showed similar outcomes. The values were significantly related to the POP stage (r 5 0.694; P < .01), and the mean values increased as the POP-Q stage increased ( Figure  3 ). An analysis of variance showed that there were Wen et al-Using Z Scores to Quantify Hiatal Distensibility significant differences in the measurements and Z scores between POP stages (F 5 82.19; P < .001; Table 1 ).
An ROC curve analysis was performed, and the curves of the measured values were perfectly consistent with the curves of Z-Av on the basis of substantial POP clinically and on US. The ROC curve analysis yielded areas under the curve of 0.69, 0.87, and 0.86 for the measurements and Z-Av values for POP-Q stage 2 or higher, substantial POP on translabial US, and symptomatic POP. The optimal Z-Av cutoff was 1, with sensitivity of 77% and specificity of 60% for POP-Q stage 2 or higher ( Figure 4A ), sensitivity of 84% and specificity of 75% for substantial POP on translabial US ( Figure 4B) , and sensitivity of 84% and specificity of 72% for symptomatic POP ( Figure 4C ). The levator hiatal area cutoff was 20 cm 2 , with sensitivity of 81% and specificity of 58% for POP-Q stage 2 or higher, sensitivity of 86% and specificity of 70% for symptomatic POP, and sensitivity of 87% and specificity of 73% for substantial POP on translabial US.
Discussion
The levator hiatus is defined as the space enclosed by the levator ani muscle, which is the most important supporting tissue of the pelvic floor. To some extent, the levator hiatal dimensions reflect the biometric characteristics of the levator ani muscle. 1, 2, 15, 16 Hiatal ballooning has been popularly expressed as percentages or absolute values of the changes in the hiatal area during the Valsalva maneuver. 8, 17 The hiatal area is a repeatable diagnostic parameter. Its clinical application could improve our understanding of the pathophysiologic characteristics of POP as a form of hiatal hernia. 2, 6 Our findings confirmed that the levator hiatal area on the Valsalva maneuver had a linear correlation with the levator hiatal area at rest (r 5 0.892) in nulliparas. The maximal levator hiatal area on the Valsalva maneuver in nulliparas can be predicted on the basis of the hiatal area at rest by using regression equation and can be further transformed into Z scores, which exactly described the levator hiatal distensibility in this study. The diagrams were produced to simplify the calculation. It seemed that the 95% reference range of the levator hiatal area on the Valsalva maneuver, which was derived from 134 nulliparas, provided a normal levator hiatal area reference scope. However, the ROC curve analysis illustrated that no diagnostic cutoff value can be used to distinguish the normal state and POP stage 1. Patients with POP stage 1 were always clinically asymptomatic. 18, 19 Most of the levator hiatal areas were limited within the 95% reference range. If we consider women who had no POP symptoms to be "normal" and those with symptomatic POP to be "abnormal," the ROC curve analysis proposed a valuable outcome. A maximal Z-Av of 1.0 or levator hiatal area of 20 cm 2 resulted in high specificities and sensitivities. This finding suggested that the nulliparas who had a Z score above the normal scope (ie, 1) were likely to have an excessive levator hiatal distensibility. Further studies might determine whether this finding is a risk or protective factor of POP.
For women with no abnormalities, Z scores can be used to estimate whether the levator ani muscle distensibility or hiatal expansion is stronger or weaker than the general level under stretching conditions. For example, if the levator hiatal area of the nulliparas was measured to be 18 cm 2 at rest, which is greater than the average value, the individual would be predicted to have a maximal levator hiatal area on the Valsalva maneuver of 23. . There is no doubt that both nulliparous hiatuses are normal. If the measured value is greater than the predicted value, it suggests that the distensibility is higher than the general level and vice versa. However, an Av cutoff of 20 cm 2 or greater may indicate that a value of 23.4 cm 2 is abnormal, whereas a value between 14.3 and 20 cm 2 is normal. Obviously, the Z score provided more information than the measured value regarding the evaluation of the distensibility of the levator hiatus.
For women with POP, the Z scores increased as the POP-Q stage increased; therefore, it seems plausible to define mild ballooning as a Z-Av of 1 to 3, moderate ballooning as a Z-Av of 3 to 5, marked ballooning as a Z-Av of 5 to 7, and severe ballooning as a Z-Av of 7 or greater. These definitions mean that mild ballooning indicated hiatal expansion that was in excess of 1 to 2 SDs over the mean level, and moderate and marked ballooning indicated that the hiatal expansion was an extra 2 to 4 SDs and 4 to 6 SDs beyond the normal level, respectively. The degrees of levator hiatal expansion were precisely and simply expressed. For example, an Av value of 25 cm 2 was equal to a Z score of 2.5, indicating that the hiatal expansion was in excess of 1.5 SDs over the mean (ie, mild ballooning).
We applied the Z score in a specific population using the same method. Our results confirmed the validity of this method from the clinical and research perspectives. However, there were, several limitations of this study that need to be acknowledged. First, it would be better to using a larger sample to calculate the Z score, which requires the population mean and population standard deviation. The standard deviation was estimated by using a random sample, since it is impossible to measure every member of a population. Second, the levator hiatal area measured by 3-dimensional US varied greatly in the population and had significant ethnic differences. 20, 21 The applicability of the Z score would only be possible in specific populations whose normality curves are known, with the need to create specific population curves for clinical applicability. Our findings were based on a sample of patients that was limited to a population of Chinese women. In addition, because it is a new method, it is necessary to confirm its practicability and feasibility by further research.
In conclusion, the Z scores showed advantages in the evaluation of levator hiatal distensibility. The 95% reference range of the levator hiatal area on the Valsalva maneuver in Chinese nulliparas was expressed as Z scores between 22 and 1 2. A normal hiatal area on the Valsalva maneuver was defined as a Z-Av of less than 1.0. Mild ballooning was defined as a Z-Av of 1 to 3, moderate ballooning as a Z-Av of 3 to 5, marked ballooning as a Z-Av of 5 to 7, and severe ballooning as a Z-Av of 7 or greater. These findings also indicated that the nulliparous hiatus may have excessive distensibility, which is probably a potential risk or protective factor for POP. We intend to explore this point further, since little evidence has been shown in the literature.
